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Recent studies have found that many factors, both biological and operator induced, influ-
ence electrodermal measurements. Here, we report on operator variability for a series of
measurements made by four operators at Jing-Well points on 132 individuals of both sexes
(68 males and 64 females) by using the AcuGraph 3 ‘Digital Meridian Imaging Tool’: Opera-
tor 1 (16 males, 12 females), Operator 2 (18 males, 13 females), Operator 3 (15 males, 21
females), and Operator 4 (19 males, 18 females). The individuals studied were attending
a yoga therapy program for type 2 diabetes mellitus and were assessed on the 1st day of
treatment. Large inter-operator variations in overall acumeridian energy readings were
observed. For individual meridians, the AcuGraph 3 measure differed by up to 42 points
for minimum values and 67 points for maximum values. After normalization, the data
showed similar patterns between different acumeridians. This suggested that variations
were caused by operators applying different pressures when making measurements.
Thus, inter-operator variability should be considered when interpreting electrodermal
measurements made by several different operators. Unless inter-operator variability is
taken into account, actual values may not have meaning; only then can readings for
the same population taken by different operators be evaluated correctly.Eknath Bhawan, Gavipuram Circle, K.G. Nagar, Bangalore 560019, India.
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Inter-operator variability of electrodermal measure 451. Introduction
Electrodermal screening measures bio-impedance at acu-
puncture points [1]. The concept was introduced by Voll [2]
and Nakatani [3], who independently measured the elec-
trical conductivity of the skin at and around acupuncture
points, and showed that acupuncture points exhibit higher
conductivity than nearby surrounding areas. Since that
time, bio-impedance measurements at acupuncture points
have become a common diagnostic tool in traditional Chi-
nese medicine. Many different electrodermal screening
instruments are presently available in the market, for
example, the Apparatus for Meridian Identification (AMI),
Dermatron, Neurometer, and PROGNOS [1]. The AcuGraph3
is one such instrument [4].
Many practitioners of Complementary and Alternative
medicine consider electrodermal screening to be a well
proven diagnostic tool, giving disease-specific patterns of
readout for pathologies such as ureteral calculus, chronic
pelvic pain, obesity, etc. [5,6]. A drop in conductance in
a particular meridian is considered an indicator of problems
or degeneration in the corresponding organ [7].
At SVYASA, we selected AcuGraph3 as a simple and rel-
atively foolproof instrument with which to monitor the
progress of patients taking Integrated Approach to Yoga
Therapy (IAYT) treatments. As a preliminary, we conducted
basic trials using a single operator (MKB) to measure dif-
ferent sources of variance, and then testeretest reliability
and coefficient of variance (CV) for individual meridian
readings [8]. We also made estimates of between sex dif-
ferences, obtaining similar observations to Chamberlin et al
at the beginning of therapy, but with womens’ readings the
same as men at the end of treatment [9,10]. Meenakshy
et al [8] concluded that AcuGraph3 readings are more val-
uable for groups than for individuals, since the effect of the
group is to decrease unacceptably high CVs.
Readings from instruments such as AcuGraph are influ-
enced by numerous factors. Variations in consistency may
arise from various causes, including time of the day, time of
food intake, bodily cycles, or they may be purely biological/
instrumental: the stratum corneum, sweat ducts, electrode
polarization, electrodematerial, contactmedium,electrode
geometry and electrode arrangement. All of these factors
complicate electrodermal readings. Variations can also be
produced by operators themselves: imprecision in locating
acupoints, pressure applied, and alignment of themeasuring
electrode with the field from the acupoint. All these varia-
tions present challenges to studies of the electrical charac-
teristics of acupuncture points and meridians [1].
Somework has already been carried out on inter-operator
variability. Mist et al [4] reported data for a group of seven
‘naı¨ve’, inexperienced operators with relatively little train-
ing.However, our own testingprogramrequires knowledge of
inter-operator variability for experienced operators. We
therefore decided to test a group of such operators, all of
whom had used AcuGraph3 on many occasions, and had had
the opportunity to develop their own characteristic style of
use. Such data are not currently available in the literature.
To conduct the study, we took retrospective data
from Swami Vivekananda Yoga Anusandhana Samsthana’s
(SVYASA’s) ongoing studies of the effects of Yoga therapy ontype 2 diabetes mellitus, to which a team of four AcuGraph
operators had been assigned to take readings on all dia-
betes patients coming to Arogyadhama, SVYASA’s Yoga
Hospital, from 2008 to 2011. The data were analyzed for
systematic inter-operator differences in individual merid-
ians and their overall average. Here, we report important
findings of this analysis, showing surprisingly large varia-
tions in meridian absolute values.2. Methods2.1. Participants
One-hundred-thirty-two participants with type 2 diabetes
of either sex (68 male and 64 female) were divided into four
groups according to the operator, namely Operator 1 (16
male, 12 female), Operator 2 (18 male, 13 female), Oper-
ator 3 (15 male, 21 female), and Operator 4 (19 male,
18 female), attending yoga therapy programs at SVYASA,
Arogyadhama, Healthcare Home, Bangalore, India.
Individuals were included in this multiple group, one-
time assessment if they had type 2 diabetes, were aged
between 21 and 80 years and were willing to volunteer for
the trial. They were excluded if they had:
 any cut, scar or mole at a Jing-Well point;
 chronic, contagious, infectious disease, e.g. active
tuberculosis, hepatitis B or C, or HIV;
 disseminated cancer
 severe osteoporosis;
 hyperhidrosis; or
 for women, pregnancy, or menstruation on the meas-
urement day.
Data were collected on the first day of a 1 or 2 week
yoga therapy program for diabetes. From 2008 to 2011, four
operators collected AcuGraph3 data from 133 type 2 dia-
betes patients. Of these, one yielded faulty data, so only
data from 132 participants were analyzed (see Fig. 1).
Patients came for testing either between 11.00 and
12.00 or 16.00 and 17.00. The AcuGraph3 measurements
(Fig. 2) were made at meridian end points (Jing-Well
points). All 12 main acupuncture meridians are measured
on both sides of the body: lung (LU), pericardium (PC),
heart (HT), small intestine (SI), triple warmer (TE), large
intestine (LI) (the six on each hand), spleen (SP), liver (LR),
kidney (KI), bladder (BL), gall bladder (GB), and stomach
(ST) (the six on each foot) [11].2.2. Procedure for AcuGraph measurements
The patients sat comfortably on a chair, with their feet on
a mat. Damp cotton wool was then applied to each acupoint
to improve the conductivity of the probe. With a ‘ground
bar’ held in the opposite hand, the probe was applied to
each point in the order specified by the computer, which
recorded readings as they were taken, and then displayed
them (Fig. 3).
133 diabetic patients 
(69 male and 64 female) 
Operator 4 
(19 male, 18 female)
Operator 2 
(19 18 male, 13 female) 
Operator 1 
(16 male, 12 female) Operator 3 15 male, 21 female)
Figure 1 Block diagram of the number of male and female patients in each operator’s group.
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SPSS 16.0 was used to analyze data. The normality of dis-
tributions for each meridian and average variable was
assessed using the Shapiro-Wilk test. Most were normally
distributed, so analysis of variance (ANOVA) was performed
to evaluate the differences between mean skin con-
ductance levels for all 24 meridians and average energy
variables for the four operator groups with Bonferroni
corrections. Possible gender differences were separately
analyzed by independent sample t-tests.
After the systematic differences between operators
became apparent, the data were transformed into per-
centage variables for each individual, by subtracting the
individual’s mean, and dividing the resulting positive and
negative values by the mean, i.e. for each meridian per-
centage value Z (individual meridian skin conductance e
mean meridian skin conductance)*100/mean. Group com-
parison ANOVA on these transformed data were carried out
with Bonferroni corrections.Figure 2 The AcuGraph3 system hardware, and the specific poin
points.Two-factor ANOVA was performed to separately analyze
inter-individual and between meridian variances for both
raw and normalized data using preprogrammed Excel data
sheets (available on request).
3. Results
Mean ages of the groups for each operator were: Operator
1, 55.22  12.00; Operator 2, 57.37  10.37; Operator 3,
55.03  8.10; and Operator 4, 59.37  10.34. The differ-
ences were not significant. ANOVA was used to test differ-
ences between different operator groups.
Conventions of data analysis require that before tests
are performed between operator groups, it is demonstrated
that significant statistical information exists in the data for
such tests to be performed. A preliminary ANOVA on the
data as a whole fulfills this requirement.
A preliminary two-factor ANOVA on data from all in-
dividuals and all meridians yielded significant F values (and
p values) for both factors, individuals and meridians,ts of data collection used by operators 1e4, i.e. the Jing-Well
Figure 3 The results of screening samples for skin conductance at 24 acumeridian points, and for the six average variables
generated by AcuGraph3 software.
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tween individuals and differences between meridians that
were statistically significant and worthy of further analysis.
Analysis of the data for each operator then revealed that
the range of data values obtained by each operator was
different for each operator: two obtained higher values
[MKB (4) and RS (3)], while the other two obtained lower
values [B Sharma (1) and B Shah (2)]. Data from these pairs
of operators fell within similar ranges, the range of one pair
being significantly different from the other pair (p < 0.001)
(see Fig. 4).
The question naturally arises as to the probability that
such a grouping of data ranges could have happened by
random distribution of individuals among operators. We
therefore tested the null hypothesis that all the observed
data came from a single distribution. t-Tests for thisFigure 4 The average skin conductance at Jing-Well acupoints. E
operator indicated. Note that the operators seem to group in pairs,
trend.hypothesis firmly rejected the assumption. For example,
those between operators 2 and 4 yielded p < 0.001 on all 24
meridians, giving a cumulative p value of p < 1072. We can
therefore state, effectively with absolute certainty, that
the statistics of the distributions negate the possibility that
the differences between operators were due to the selec-
tion of individuals, rather than operator style.
This grouping of data by pairs of operators, 1 and 2, and
3 and 4, caused little surprise as each pair consisted of
a trainer (1 and 4) and the trainer’s student (2 and 3). All
four operators acknowledged that each pair applied the
probe with systematically different pressures. Thus, oper-
ators 1 and 2 showed no significant differences in the mean
of 24 meridian energy levels and six average variables. The
results were similar for operators 3 and 4, with minor ex-
ceptions: KI_L (p < 0.05), and KI_R (p < 0.05), which couldach line represents the mean meridian skin conductance of the
1 and 2, and 3 and 4, each member of a pair following a similar
Table 1 Mean skin conductance at Jing-Well acupoints for different AcuGraph operators. Mean skin conductances obtained by
four different AcuGraph3 operators from specific groups of individuals shown schematically in Fig. 1. The values at each of the
24 Jing-Well points are systematically different for each operator, but the data group the operators in pairs 1 and 2 (low values),
and 3 and 4 (high values).
Meridians Operator 1 Operator 2 Operator 3 Operator 4
1. LU_L 47.86  32.89 55.29  42.26 104.17  41.21 118.91  42.25
2. LU_R 47.64  27.64 36.86  20.96 91.39  39.02 115.64  48.41
3. PC_L 41.71  27.63 41.57  26.56 87.22  30.28 94.09  29.16
4. PC_R 37.43  19.79 36.43  27.15 77.89  27.89 86.73  30.34
5 HT_L 39.14  19.02 36.57  33.72 87.33  33.40 95.55  43.56
6. HT_R 41.00  20.02 47.14  39.28 80.17  28.66 77.64  27.05
7. SI_L 51.07  27.96 44.14  28.10 90.78  39.66 104.45  36.30
8. SI_R 43.07  22.14 33.29  28.87 88.11  33.76 98.27  37.92
9. TE_L 42.71  21.78 40.00  22.26 88.72  35.29 98.64  37.44
10. TE_R 36.29  17.36 35.14  28.48 84.61  30.04 92.73  35.64
11. LI_L 42.43  19.53 47.29  34.96 93.11  34.22 102.00  34.90
12. LI_R 40.00  18.85 37.86  25.61 82.44  28.08 92.18  34.97
13. SP_L 28.29  29. 99 25.29  25.37 67.56  33.25 77.91  31.10
14. SP_R 28.21  34.77 26.57  21.49 59.72  30.09 75.18  29.39
15. LR_L 34.29  31.80 26.29  23.96 71.89  34.35 82.27  26.17
16. LR_R 28.71  26.77 28.00  25.73 71.72  32.87 81.09  23.52
17. KI_L 27.00  26.10 21.86  17.60 48.83  26.15 64.09  28.21
18. KI_R 28.00  22.06 24.29  25.77 48.00  27.06 66.09  26.50
19. BL_L 25.75  20.27 21.57  20.52 53.89  27.14 65.73  26.34
20. BL_R 26.29  18.51 22.86  21.51 50.72  24.84 65.00  28.20
21. GB_L 25.93  20.26 28.43  31.53 61.06  33.95 76.91  30.32
22. GB_R 25.36  18.56 27.71  26.25 65.39  34.25 78.91  29.91
23. ST_L 29.57  28.35 33.00  38.07 63.00  36.35 82.64  31.49
24. ST_R 29.57  25.82 28.14  28.07 65.47  33.23 82.18  30.06
Average energy variables
25. PIE 65.07  14.64 62.79  20.20 56.56  13.95 54.82  18.72
26. EL 34.89  19.26 33.07  22.80 74.72  25.96 86.05  25.12
27. ES 76.68  14.36 77.21  15.26 68.06  13.02 64.45  18.45
28. Y_Y 1.50  13.53 2.57  12.47 2.00  10.77 0.27  8.05
29. U_L 34.89  29.83 37.00  26.16 31.03  18.29 20.55  20.36
30. L_R 2.61  13.27 7.07  21.11 4.56  9.03 4.27  8.37
Operators 1 and 2 were different from 3 and 4; p < 0.001. Exceptions were: KIL and KIR (Operator 2 was significantly different from the
others; Operators 1 and 4, p < 0.05 and operator 3, pZ 0.001), BLR (Operators 1 and 3 differed at pZ 0.001), STL (Operators 2 and 3,
pZ 0.01) and U_L (Operators 2 and 4, p < 0.05). Average variables, PIE, ES, L_R and U_R showed no differences between operators 1, 3
and 4. For ES and U_L, Operator 2 was different from 3 and 4 (p < 0.05).
48 B. Sharma et al.have arisen by chance. The differences observed are listed
in Table 1, while Fig. 4 shows the mean meridian energies
found by each operator, clearly revealing the similarity
between each pair.
Few of the systematic sex differences reported by
Chamberlin et al [10] and Sharma et al [9] reached signifi-
cance in this study: four measures for operator 2, LR_R,
GB_R, and the group variables Yin-Yang (Y_Y) and Upper-
Lower balance (U_L); and one (Y_Y) for operator 1. Five
p < 0.05 results may be expected in 30 comparisons for
each of 4 operators, however, 120 in all. This lack of dif-
ference may have been because all of the individuals in this
study were older, and in poor health.
A striking observation in the rawdata (Table 1 and Fig. 4) is
that, for each operator, values for the upper meridians (rows
1e12) are all higher than values for the lowermeridians (rows
13e24), as clearly seen in Fig. 4. The sole exception was the
comparatively low value for theHT_Rmeridian in Operator 4.After normalizing the data, as described in the
methods, we observed that 17 meridians no longer
showed differences between operators, with the patterns
being remarkably similar (Fig. 5): lungs being the highest
and kidney and bladder the lowest (Table 2). The
remaining seven meridians contained (p < 0.05) differ-
ences between various pairs of operators: HT_R (Operator
4 with 1 and 2), SI_L (Operator 1 with 3 and 4), LI_L, LI_R,
SP_L and LR_R (Operator 2 with 4), and for the latter
LR_R (Operator 4 with 3), but seven such p values may be
expected in 144 comparisons (Z 24 meridians  6 oper-
ator pairs).
Again, aiming to establish that the data contained in-
formation worthy of further analysis, we carried out two-
Factor ANOVAs on each of the eight blocks of datadmale
and female for each of the four operators. The resulting F
values are given in Table 3A, for which the smallest is 2.91.
All p values were <0.0001. This demonstrates that the
Figure 5 Average normalized skin conductance at the 24 Jing-Well acupoints. Note that the four operators now follow the same
trend. Note also the marked upper lower imbalance.
Inter-operator variability of electrodermal measure 49various blocks of data do contain interpretable information,
for both inter-individual differences and inter-meridian dif-
ferences. We then refined this by carrying out two-Factor
ANOVAs separately for the upper and lower meridians
(Table 3B), and carrying out an ANOVA for normalized data
(Table 3C).
Different individuals can have different overall energy
levels, as is well recognized, which can give rise to high
inter-individual F values. Such inter-individual differences
reduce the significance of differences between energies in
different meridians, so that the performance of an ANOVATable 2 Normalized mean skin conductance at Jing-Well acupo
conductances obtained by the four different AcuGraph3 operators
values of the upper 12 meridians and lower 12 meridians are evid
Meridians Operator 1 Operat
1. LU_L 29.2  38.62 52.34
2. LU_R 37.32  46.93 28.33
3. PC_L 17.65  35.12 27.93
4. PC_R 9.81  24.39 20.78
5. HT_L 12.4  36.63 4.14
6. HT_R 23.71  47.01 31.41
7. SI_L 44.6  47.39 29.71
8. SI_R 25.02  36.14 6.38
9. TE_L 28.26  38.97 34.98
10. TE_R 13.69  44.39 0.06
11. LI_L 28.67  40.05 38.99
12. LI_R 22.21  34.09 28.29
13. SP_L e25.45  36.4 26.95
14. SP_R 27.54  41.68 19.74
15. LR_L 9.25  35.31 19.66
16. LR_R 20.7  36.51 25.09
17. KI_L 29.91  37.98 33.68
18. KI_R 26.50  30.66 29.9
19. BL_L 27.98  35.81 31.25
20. BL_R 24.86  32.31 28.02
21. GB_L 29.23  29.6 26.65
22. GB_R 29.47  29.69 26.85
23. ST_L 21.81  44.76 12.47
24. ST_R 19.83  40.24 23.08on the meridian variances yields reduced F values. This
source of variance can be eliminated by performing a two-
factor ANOVA.
With normalized data, all four operators obtained the
lowest energy for kidney and bladder meridians (left and
right), and the highest energy for the LU_L meridian. These
meridians contained no significant inter-operator differ-
ences. Their imbalances seem to represent effects of the
pathology, rather than patterns of imbalance leading to
the pathology’s original development. A future paper will
analyze these considerations further.ints for different AcuGraph operators. Normalized mean skin
from specific groups of individuals. Marked differences in the
ent (see Fig. 5).
or 2 Operator 3 Operator 4
 71.47 40.86  34.15 34.35  26
 49.08 22.71  31.12 24  30.87
 53.48 21.86  30.47 18.23  29.27
 41.76 7.89  26.95 2.29  25.86
 44.82 18.06  21.63 6.81  28.76
 52.21 11.41  33.05 e3.9  19.94
 39.63 19.88  30.12 19.02  26.07
 47.15 18.88  24.29 11.12  22.11
 40.87 20.21  27.82 12.39  23.97
 38.6 17.18  30.51 9.69  22.12
 46.79 28.18  27.95 17.09  24.97
 39.3 15.85  35.16 2.58  21.07
 33.11 11.98  23.67 5.94  30.13
 32.56 21.74  23.24 11.97  25.69
 28.81 3.58  34.7 1.56  21.16
 27.41 2.12  37.31 3.47  22.9
 31.04 35.47  21.98 21.75  24.43
 34.63 37.71  24.09 23.43  22.52
 25.86 29.22  22.43 23.07  23.65
 33.15 32.21  23.6 23.48  25.13
 29.36 20.84  30.32 11.36  25.58
 28.42 14.63  27.67 14.29  24.31
 36.33 18.75  30.25 6.45  20.81
 30.75 14.71  26.58 6.91  25.23
Table 3 Two-factor analysis of variance (ANOVA) on all 24 meridians combined and separately for the upper and lower
meridians. High F cols value represents variability and specific patterns in meridians skin conductance. When the data are
analyzed separately, F cols decreases, but is still at significant levels for upper meridians. This decrease indicates high upper-
lower imbalance.
Operator F cols F rows Fraction of variance in
remainder
Male Female Male Female Male Female
A: Two-factor ANOVA on 24 meridians combined.
1 3.06 5.68 52.92 15.71 0.2853 0.4547
2 2.91 8.22 58.57 36.11 0.2690 0.3072
3 14.98 9.71 40.17 40.62 0.2620 0.3075
4 6.07 9.52 18.13 63.81 0.4706 0.2307
B: Two-factor ANOVA for the upper meridians
1 2.59 2.02 53.32 16.85 0.1661 0.3683
2 1.90 2.02 22.94 54.40 0.3128 0.1636
3 3.50 2.79 49.59 25.94 0.1737 0.2859
4 4.92 5.34 18.45 47.76 0.3389 0.1768
C: Two-factor ANOVA for the lower meridians
1 1.03 0.91 61.14 15.41 0.1509 0.4025
2 1.74 0.79 62.56 35.89 0.1473 0.2311
3 3.36 5.36 17.52 33.48 0.3531 0.2319
4 2.60 3.41 19.66 47.21 0.3411 0.1821
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The data analyzed above show that different AcuGraph3
operators can obtain systematically different values of
energy level (EL) from equivalent (effectively randomized)
groups of individuals. This establishes another source of
systematic error in the use of the machine for diagnostic
purposes. Low EL is considered an important indicator of
susceptibility to pathology. Our observations indicate that
inter-operator EL values may vary by a factor of up to
two, however, apparently depending on the pressure that
operators exert at each acupoint. An operator’s readings
should therefore be standardized before interpreting
readings from individualsdparticularly EL values. In the
case of the four operators reported here, Operators 1
and 4, who trained Operators 2 and 3, respectively,
acknowledged that they instinctively exerted different
pressures in taking readings with the probe. Each student
tended to follow their trainer’s example.
The systematic upper dominance seen by all operators
(Table 1) is an important observation. This may be an
indicator of stress, and thus a significant part of the group’-
s etiopathology. It will be discussed inmore detail elsewhere.
Meenakshy et al showed that a high coefficient of var-
iation for AcuGraph3 for individuals prevents a reliable
interpretation of single observations, but suggested that
groups of individuals with particular characteristics might
nevertheless be usefully studied [8]. The ANOVA showing
that blocks of data for numbers of participants contain
interpretable information (Tables 3B and 3C and [12])
confirm this suggestion.
The strength of the study is that we were able to take
sizeable blocks of data from a number of equivalent pa-
tients, and analyze them for systematic differences pro-
duced by differing styles of instrument use. That said and
done, the two-factor ANOVAs unequivocally indicate thatthere is definite information to be interpreted. The low p
values also indicate the study’s strength.
4.1. Limitations
The study was not a true randomized study, so we might
argue that some aspect of individual patient selection could
have been responsible for the observed differences. The
probability of this having happened by chance is strongly
precluded, however, by the p values obtained. Alter-
natively, different operators might have measured the
same patients on different days, but this information was
not available for our retrospective analysis.
A different kind of limitation arises from the observation
that in traditional Chinesemedicine the same pathology may
be due to differentmeridian imbalances being the etiological
causes. Meridian analysis is not simply a symptomatic anal-
ysis of pathology, as in biomedicine, but is also an etiological
analysis, indicating which underlying imbalances require
correction before the system can help cure itself.
4.2. Future research
Further inter-operator studies are called for to ensure that
the kind of effects seen here can also be obtained when
patients are randomized between operators, or if operators
measure the same patients at the same times on different
days. Similarly the systematic upperelower imbalance
observed for type 2 diabetic patients needs to be further
confirmed, and its cause investigated.
5. Conclusion
The split of the data into two pairs of operators, where the
more experienced in the pair had trained the less
Inter-operator variability of electrodermal measure 51experienced, shows that ‘styles of operator use’ definitely
exist, producing systematic variations in data collection,
and may be passed from trainer to student. Different
AcuGraph3 operators can definitely obtain very different
readings attributable to personal styles of use, such as the
characteristic pressure exerted on the electrical probe.
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